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0 Method for preparing highly pure monoalkylphosphine. 
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© The method for preparing a monoalkylphosphine of high purity comprises reacting phosphine and an alkene 
in the presence of an anhydrous alkanesulfonic acid as a catalyst in a solvent having a boiling point higher than 
that of the monoalkylphosphine produced. The resulting monoalkylphosphine is brought into contact with an 
alkali solution to remove the catalyst, which is a sulfur atom-containing compound, remaining in the solution. The 
reaction solution from which the remaining catalyst is removed is then brought into contact with alkali metal 
hydrides or alkaline earth metal hydrides to eliminate any moisture remaining in the reaction solution. The alkali 
metal hydride is preferably sodium hydride or lithium aluminum hydride, while the alkaline earth metal hydride is 
preferably calcium hydride. The resulting monoalkylphosphine is isolated through distillation and the compound 
in a gaseous or liquid state is brought into contact with and passed through a layer of active carbon to remove 
other impurities present therein. 
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pure products each having a very low content of metallic and/or oxidative impurities. 

Alkenes used as another starting material are linear or branched unsaturated aliphatic hydrocarbons 
preferably having 2 to 16 carbon atoms. Specific examples thereof include isobutene, 2-methyl-1-butene. 2- 
ethyl-1-butene, 27methyl-1-pentene, 2-methyl-1-hexene; 2,3,3-trirnethyl-1-butene, 2,3-dimethyl-1-hexene, 2- 
s ethyl-1 -hexene, isooctene, 2-methyl-.1-heptene, 2,2,4-trimethyM-pentene, 2,4-dimethyl-1-hexene, 2,2,4- 
trimethyl-1 -hexene. 2-methyl-1-nonene, triisobutylene and tetraisobutylene. 

. One of the features of the present invention is to use a reaction solvent selected from those each 
, having a boiling point higher than that of the resulting monoalkylphosphine. This is because the difference 
between the boiling points of the monoalkylphosphine and the solvent used permits the recovery of the 
w monoalkylphosphine of high parity through distillation of < the reaction solution or optional precision distilla- 
tion performed after the completion of the rection. Such reaction solvents are preferably saturated aliphatic 
hydrocarbons, in particular those having 8 to 18 carbon atoms. Specific examples thereof are n-octane, 
s isooctane, n-nonane, n-decane, n-tridecane, n-tetradecane, n-hexadecane and 'n-octadecane. Moreover, 
mixed solvents such as n-paraffin may likewise preferably be used. 
75 Catalysts used in the method of the invention are .preferably lower alkanesulfonic acids having 1 to 4 
\ , carbon atoms represented by the following general formula (I): 

R-SO3H (I) , . ... ; ' < 

20 (wherein R represents an alkyl group having 1 to 4 carbon atoms) and specific examples thereof include 
methanesulfonic acid, ethanesulfonic acid; propanesulfonic acid and butanesulfonic acid. These lower 
alkanesulfonic acids may be used alone or in any combination and they must be in the anhydrous state. 
These, lower alkanesulfonic acids are in general unstable . and, therefore, -they are preferably purified by, for 
. instance, distillation prior to practical use. , i ■ ' • ■ ' -*v 

25 According to another feature of , the present invention, the foregoing reaction is performed in* a non- 
aqueous system. The reaction performed in "a. non-aqueous system makes it possible to inhibit the 
formation of secondary or tertiary alkylphosphine compounds which are inevitably formed during the 
. reaction as by-products if it is performed in an aqueous system. Moreover, the anhydrous alkanesulfonic 
acid catalyst has, an ability of dehydration in itself and accordingly, it can adsorb a trace amount of water 

30 ..present in the reactor. This results in the complete prevention of any 'contamination * of the' reactor with 
water, makes, the reaction in the non-aqueous system complete and in turn permits the preparation of highly 
pure monoalkylphosphines. - r ■-■< * . 

The reaction conditions vary depending on Various factors such as the properties of the reactants used 
and the kinds of solvents and/or catalysts selected,. but the reaction is preferably performed under pressure 

35 in a pressure, vessel such as an autoclave, at a molar * ratio: alkene/phosphine ranging from '1:1 to 1:5, 
..preferably 1:1 to 1:2.5., In addition, the reaction' temperature in general ranges from room temperature to 
100 °C , preferably 60 to 80 °C and the reaction time in general ranges from 1 to 24 hours, preferably 2 to 
TO hours. ... . ■ > - ' • ■■ - ■-_ •■■ ■ 

The starting materials are introduced into a reaction vessel after purging the reaction vessel and 

40 replacing the atmosphere in the reaction vessel -with an inert gas such as nitrogen j or helium. In this respect, 
it is desirable to introduce, into the reaction vessel; the starting materials in the order of a reaction solvent, 
an alkene and phosphine for preventing any self-polymerization -of the alkene. Then the temperature of the 
reaction mixture is elevated to a desired level and a catalyst is supplied to the reaction vessel under 
pressure. 

45 After the reaction is completed and the reaction solution is cooled down to room temperature, the 
excess phosphine is replaced with an inert gas, followed by allowing the reaction solution to stand and 
separation of the alkanesulfonic acid as the catalyst used. 

The. method discussed above permits the preparation of a monoalkylphosphine having a substantially 
high purity. The purity of the monoalkylphosphine thus obtained can be further- enhanced if it is treated in 
so the following manner. ; . - - * > \ ' ' 

An alkali solution is added to the organic phase to remove the sulfur atom-containing compound used 
as the catalyst. As the alkali, solution, there may be used, for instance, an aqueous solution of an alkali 
compound selected from the group consisting of hydroxides of Group la metals, hydroxides of Group Ma 
. metals,, ammonia and amine type compounds. Among* these aqueous alkali solutions, particularly preferred 
55 are aqueous solutions of hydroxides of Group la metals whose concentration preferably ranges from 0.1 to 
3N. The term "amine type compounds" herein used includes aliphatic amine* compounds each carrying an 
alkyl, group having a carbon atom number of. not more than 4, urea and tetramethyl urea, i.e., a derivative of 
urea. Each of these aqueous alkali solutions may comprise at least one of these alkali compounds. In 
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particular, preferably used are aqueous solutions of hydroxides of Group la metals having concentrations 
ranging from 0.5 to 2N. The alkali aqueous solution is preferably prepared from a highly purealkali 
compound and highly pure water. After addition of such an alkali solution, the reaction solution is stirred at 
ordinary temperature or under heating. 
5 The amount of the aqueous alkali solution to be added to 'the reaction solution preferably ranges from 

10 to 2000 parts by weight per 100 parts *by weight of the monoalkylphosphine formed during the reaction. 

The sulfur atom-containing compound used as the catalyst can satisfactorily be removed through the 
use of the method detailed above..- 

More specifically, the alkali aqueous solution is added to the reaction solution, followed by stirring and 
w allowing it to stand to separate the aqueous alkaline phase. In this respect, the foregoing steps, i.e., the 
addition of an alkali aqueous solution, the stirring and the separation of the aqueous alkaline phase, may be 
repeated over a desired time. • 

Then an alkali metal hydride and/or an alkaline earth metal hydride are added to the remaining organic 
phase to remove the moisture remaining in the organic phase. * r 

75 The metal hydrides usable in the present invention include, for instance, hydrides of Group la metals 
and/or hydrides. of Group Ha metals. Specific examples thereof are lithium hydride, sodium hydride, 
potassium hydride, rubidium hydride, cesium hydride, calcium hydride, strontium hydride, barium hydride 
and lithium aluminum hydride. . - ^ i% 

In the dehydration method which utilizes a metar hydride; the metal hydride is added to the organic 
20 phase and then the mixture is stirred at ordinary temperature or under heating: The amount of the metal 
hydride to be added ranges from* 1'to 10 parts by weight and preferably 3 to 5 parts by weight per 100 
parts by weight of the organic phase. After completion of the dehydration treatment, the excess metal 
; hydride -may be removed through filtration or by extracting the resulting monoalkylphosphine through 
, . distillation, with the latter method, 1 i.e., the separation through distillation of the monoalkylphosphine formed 
25, being preferred:- m : ■ / , ■ - , 

The resulting monoalkylphosphine can be recovered by first 'subjecting the organic phase to simple 
distillation. at ordinary pressure and then to optional precision distillation; ... 

- The product obtained through the reaction of phosphine with an alkene in a solvent is passed through a 
column packed with active carbon to remove various impurities such as compounds containing elements 
30 such as sulfur, silicon and oxygen; compounds containing metals such as cadmium," magnesium, calcium, 
iron, manganese and arsenic; and the hydrocarbon compound used as the reaction solvent and to thus 
recover the desired monoalkylphosphine product of -hfgh purity substantially free of these various impurities. 

. The active carbon used in the present invention is not restricted to specific ones and may be those 
prepared, from,, for instance, palm husk, coal pitch, - petroleum pitch and sawdust as starting materials. 
35 * Moreover, the active carbon must not have any particular shape or form, but it is preferably particulate ones 
, - having , a particle size ranging from 10 to 80 mesh while taking handling properties and easiness of 
purification operations into consideration. In addition, fibrous active carbon (active carbon fibers) is highly 
practicable since a .high adsorption rate can be anticipated. When practically using such an active carbon, it 
must be sufficiently dried to remove any moisture attached thereto as much as possible to prevent the 
40 reduction in the adsorption function and any oxidation and deterioration of the organophosphorous 
compound to be purified which leads to a decrease of the yield of the compound. To this end, the active 
carbon is, for instance, sufficiently heated at a temperature on the order of 250 to 300 °C prior to practical 
use. 

The amount of the active carbon to be used varies depending on the amount of impurities to be 
45 removed or the kinds thereof, but in general ranges from 0.1 to 100 parts by weight per 100 parts by weight 
of the monoalkylphosphine produced, with the practically preferred amount thereof ranging from 10 to 50 
parts by weight. ' f ' * r • 

The method according to the present invention may be used for preparing a monoalkylphosphine 
carrying any alkyl group, but the method is applied particularly to the preparation of mono-1 ,1-dimethyl- 
50 propylphosphine and mono-1 ,1-dimethylethylphpsphine since they are suitably used as sources of phos- 
phorus atom (Group V element) for use in making compound semiconductors. 

As has been explained above in detail, the method for preparing a highly pure monoalkylphosphine 
according to the present invention allows the production of the intended highly pure compound, with safety 
and in a high yield, which is useful as a material for epitaxial crystal-growth of compound semiconductors 
55 and the method further permits effective removal of impurities co-existing in the reaction solution. 

The present invention will hereinafter be described in more detail with reference to the following working 
Examples, but the present invention is by no means limited to these specific Examples. 
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Example 1 ■ .; i . ' - 

To about U volume autoclave of stainless steel, as a reaction; vessel, whose atmosphere is replaced 
with an inert gas, there were added 100 g of n-decane (boiling point: 174 *C ) as a solvent, 80 g (1.426 

5 . rnole) of isobutylene,as a reactant and 135.8 g (3.994 moles) of highly pure phosphine at room temperature. 
The pressure in the autoclave was controlled to 25 kg/cm 2 . The temperature of the contents of the autoclave 
was elevated to 60 *C and then 137 g (1.426 mole) of methanesulfonic acid purified through simple 
distillation was introduced into the autoclave over about one hour using an injection pump. The pressure in 
the autoclave was lowered from 35 kg/cm 2 to 28 kg/cm 2 . The reaction mixture was additionally ripened over 

io .one hour while maintaining the temperature thereof at 60 ,*C . Aften completion of the reaction, the reaction 
\mixture was cooled down to about 30 °C ;, the excess unreacted phosphine was removed through 
evacuation and the atmosphere of the reaction system was replaced with nitrogen gas. The reaction product 

, rc ^ was withdrawn from the autoclave, followed by. allowing it to stand at room temperature over a whole day 

M ' St ^£nd night and removal of the lower phase comprising the methanesulfonic acid through liquid-liquid 

,75. . separation. . 

The resulting n-decane phase was* analyzed :by gas chromatography and it was found that 57.8 g 
* (conversion rate: 45.0% on the basis of isobutene) of mono-1 ,1-dimethylethylphosphine and that di- and tri- 
1,1-dimethylethyfphosphines were not detected at all in the n-decane phase (selectivity: 100%). * 

The resulting n-decane phase was- subjected to . simple distillation at ordinary pressure and then to 
20 precision distillation at ordinary pressure. Thus, 35.8 g (yield: 27:9%) of mono-1, 1-dimethylethylphosphine 
(boiling point: 54 *C) could be isolated and the product had a purity oi 99.9% as determined by gas 
chromatography technique. . . * ^ " : -> : ; " : 

The product tous obtained was confirmed to be the intended mono-i1 ( 1-dimethylethylphosphine by FT- 
IR, 1 H-NMR,and GC-MS measurements. , The product -was » likewise subjected to ; metal analysis^ using 
25 inductively coupled plasma (ICP) technique and the amounts of all the metals examined were founds to be 
less than the detection limit of the technique. - • r - - ' 

The moisture content of the product was, determined using a Beckman micromoisture meter (Model 
340) .and found to be not more than 5 ppm... , - - } ; , %t ~- ........ 

30 Comparative Example 1 „ , : , . ;;, •■: . .. , ...-•■/:-.: - ^ - ■< * - ; ^ 

The same procedures used in Example 1 were repeated except that the amount of the highly' pure 
phosphine used was changed to 141 g and that 197 g of an aqueous solution of methanesulfonic acid 
prepared by dissolving 137 g of methanesulfonic; acid in 60 g of pure water was substituted for the purified 
35 \ methanesulfonic acid used in Example 1, The pressure. in the autoclave was reduced from 36 kg/crri 2: dowh 
. , \jo. 30 kg/cm 2 . The reaction mixture was ripened pver one hour while maintaining the temperature thereof at 

J60-C . . " \ ,'. ' .;, { . • ^ ' ■ - ' "= • "'• ' • ' : 1 ^ : - 

... After completion of the, reaction, the resulting n-decane phase was analyzed in the same manner used 
|. in Example 1 and the following results listed in Table 1 were observed. - ^ * ' 

' : ' . ; ' . / • ., . . Table 1 ■ \ " " ; - • • 





Conversion Rate on the basis of Isobutene 


mono-1 ,1-dimethylethylphosphine 
di-1 ,1 -dimethylethylphosphine 
tri-1 ,1-dimethylethylphosphine 


, . ■ -.25% . * •'• ' 

. < - t -12% rr-'\:.\-. ■■ 
f 

trace amount 



The results obtained in Example i and Comparative Example 1 clearly indicate that the selectivity of 
the method for mono-1 ,1-dimethylethy I phosphine is reduced due to the presence of moisture .in the 
reaction system. ■ * * ' . ' ' . " ' < 

Example 2 . t - . 

To a reaction vessel identical to that used in Example' 1 , there were added 100 g of n-tetradecane 
(boiling point: 253 *C ) as a reaction solvent, 80 g (1.141 mole) of 2-methyl-1-butene as, an alkene 
component and 97.0 g (2.853 moles) of highly pure phosphine at room temperature. As the reaction vessel 
was heated to 60 °C , the pressure in the reaction vessel was increased up to 22 kg/cm 2 . Ethanesulfonic 
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acid (125.0 g; 1.141 mole) as a icatalyst was introduced into the vessel under pressure over one hour and 
thereafter the same procedures used in Example 1 were repeated to give 25.8 g of mono-1 ,1 -dimethyl- 
propylphosph.ne (boiling point: 78- C ). The yield of the product was found to be 21.7% and the purity 
thereof was found to be 99.9% as determined by gas chromatography. The product was subjected to metal 
analysts usmg the ICP technique and the amounts of all the metals examined were found to be less than 
the detection limit of the technique. The moisture content of the product was also determined using a 
Beckman micromoisture meter (Model 340) and found to be not more than 5 ppm. 
Example 3 , , 

To an autoclave as a reaction vessel, there were added n-decane. isobutylene and highly pure 
phosph.ne in i the same manner used in Example 1, followed by elevation of the temperature to 60 *C at a 
pressure of 25 kg/cm*, addition of < methanesulfonic acid to the reaction mixture to initiate the reaction of 
isobutylene -with phosphine and ripening. After completion of the reaction, the reaction mixture was' 'cooled 
the excess unreacted phosphine was removed through evacuation and the atmosphere of the reaction 
system was replaced with nitrogen gas. The reaction solution Was allowed to stand over a whole day and 
night and the lower phase comprising the methanesulfonic acid was removed through liquid-liquid separa- 

• ^To the resulting product, there was added 150 g of a 1 N aqueous solution of sodium hydroxide followed 
by st.rr.ng over one hour, allowing the mixture to stand and separation into n-decane and aqueous phases 
The. resulting n-decane phase, was .analyzed by gas chromatography and it was found that 56.1 g (rate of 
conversion on the basis of isobutene: 43.7%) of mono-1, 1-dimethylethylphosphine was present therein and 
Irfno^'"-^ d'^Wethylphosphine were not detected at all in the n-decane phase (selectivity: 

100/.). The resulting n-decane phase was subjected to simple distillation at ordinary pressure and then to 
prec.s.on distillatior i at ordinary pressure. Thus, 33.6 g (yield: 26.2%) of mono-1 .1-dimethylethylphosphine 
(boiling point: 54- C ) could be isolated and the product had a purity of 99.9% as determined by gas 
chromatography technique. . ., _ a 

IP iL^^^i^" 8 °o ained W3S confirmed to ! be-the intended mono-1. 1-dimethylethylphosphine by FT- 
R H-NMR and GG-MS measurements. The product was likewise subjected to metal analysis using the 
CP technique and the amounts of all the metals examined were f6und to be less than the detection limit of 
the CP technique. Moreover, the product was dispensed and added to an equal amount of a 1N aqueous 
solution of sodium hydroxide, followed by stirring, allowing to stand and ICP emission spectroscopic 
analysis. As a result, the content of sulfur was less than the detection limit of the ICP emission 
compounds^ ^ ^ reSU ' tin9 Pr ° dUCt W3S considered t0 be substantially free of sulfur 

Example 4 

', The s H ,fur cohte -? t of mono : i;i-dimethylethylphosphine obtained in Example 1 was determined in the 
same manner used in Exampje 3 and found to be 60 ppm. 

The results obtained in Examples 3. and 4 clearly, indicate that the use of an aqueous solution of sodium 
hydroxide was effective for the removal of sulfer-containing compounds. . \ ... .. .. . 

Example 5 

T °l !! ™' ume au * clave as a taction vessel whose atmosphere is replaced with an inert gas, there 
were added 120 g of isobutene. 100 g ofn-decane and 120 g of phosphine. Then 140 g of methanesulfonic 
acid was added to the autoclave under pressure arid the mixture was- stirred for 2 hours while maintaining 
the temperature thereof at 60 -C to cause the reaction of isobutene with phosphine. The pressure in the 
autoclave was increased up to about 30 kg/cm* during the reaction. After completion of the reaction, the 
excess unreacted phosphine was removed through evacuation at the time when the reaction mixture was 
cooled down to about 30-C . The reaction solution thus obtained was analyzed by gas chromatography and 
r S iTc? that i mo i n °- 1 - 1 - dime «iy'ethylphosphine was present therein. The yield of the product was found 
to be 44.4% on the basis of isobutene. 

When the reaction solution was allowed to stand, it was separated into an organic phase and an 
inorganic phase. The organic phase was isolated from the inorganic phase, followed by addition of a 1N 
aqueous solution of sodium hydroxide to the organic phase, stirring and washing the mixture! The resulting 
solution was again allowed to stand to separate it into an organic phase and an inorganic phase. The 
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organic phase was isolated from the inorganic phase and stored, while the aqueous phase was subjected to 
ICP emission spectroscopic analysis. As a result, sulfur components were detected in the aqueous phase 
through the spectroscopic analysis. A series of operations, i.e., the addition of an aqueous solution of 
sodium hydroxide to the organic phase, the separation of the mixture into an organic and inorganic phases 
and the emission spectroscopic analysis, was repeated till sulfur components were not detected, any more, 
by the emission spectroscopic analysis. When sulfur components.were not present in detectable amounts in 
the inorganic phase any more, water of high purity was added to the organic phase as the counterpart of 
the inorganic phase and then stirred to wash the organic phase. The mixture was allowed to stand to 
separate it into an organic phase and an aqueous phase. The organic phase was stored, while the aqueous 
phase was analyzed and as a result, the presence of sodium hydroxide was detected. A series of 
operations, i.e., the addition of quite highly pure water, the stirring for* washing and the analysis of the 
aqueous phase, "was repeated till sodium hydroxide was not detected in the aqueous phase any more. 
_ After confirming the absence of sodium hydroxide in the aqueous phase in any detectable amount, 3.0 
i of calcium hydride was added to the organic phase as the counterpart, of the aqueous phase and the 
mixture was stirred for one hour at prdinary temperature. After the agitation at ordinary temperature, the 
mixture was.refluxed under heating for additional one hour with stirring. Thereafter, the mixture was distilled 
to give 65.0 g of mono-1 ,1-dimethylethylphosphine.,. «• - * ! 

Table 2 given below shows the amounts of impurities (given in the column entitled "Prior to 
Processing" in Table 2) present in the samples collected after the washing process with water of very high 
purity and before the addition of calcium hydride, which were 'detected by gas chromatography- • mass 
spectrometer; and the amounts, thereof, (given in the column entitled "After Processing" in Table 2) present 
in the sample obtained after the distillation. and detected by the same, apparatus.. *> " : 



25 



30 



Table 2 . 



Impurity ' { 


Butanol 


Water . 


Prior to Processing (ppm) 
. After Processing (ppm) 


. 1500 - 
trace amount 


800 
trace amount 



1 Mono-1 ,1-dimethylethylphosphine thus prepared and purified was used in epitaxial growth of., a cry- 
stalline semiconductor. The resulting semiconductor was found to exhibit excellent electrical and optical 
properties.- 1 - 



35 



Example 6 



40 



The same procedures used in Example 5 were repeated to give mono-1 ,1-dimethylethylphosphine 
which was substantially free of both sulfur atom-containing components and sodium hydroxide in amounts 
detectable with ICP emission spectroscopic analysis. The resulting mono-1 ,1-dimethylethylphosphine (69.5 
g) was brought into contact with 3.0 g of molecular sieve in the same manner used in Example 5. Table 3 
' given below shows the results obtained by analyzing the sample obtained before and after being contacted 
with the molecular sieve to check for the presence of impurities. 



Table 3 

45 



Impurityr, . 


Butanol 


: Water 


' Prior to Processing (ppm) 
After Processing (ppm) . 


1400 ; 
900 


750 

'50 



The results observed in Examples 5 and- 6 clearly indicate that alkali hydrides were quite effective for 
removing impurities from the reaction product of the present invention. 



55 Example 7 / 

" \ ~ A reaction solution containing , monp-1 ,1-dimethylethylphosphine was prepared in the same manner 
used in Example 5. ..... ... . = - * 
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The resulting reaction solution was allowed to stand to separate into organic and aqueous phases 
without addition of a 1N aqueous solution of sodium hydroxyide and then subjected to precision distillation 
to give 69.0 g of crude mono-1,1-dimethylethylphosphine' 

A part of the crude mono-1 ,1-dimethylethylphosphine thus obtained was analyzed by an inductively 
coupled plasma (ICP) emission spectrometer and a gas' chromatograph to determine the amounts of 
impurities, i.e., sulfur atom-containing components and metal components (Fe, Mg, Mn, Si, As) as well as 
hydrocarbons. The results thus obtained are listed in the following Table 4 as data obtained "Prior to 
Processing". - ' ' 



Table 4 



Impurity 


n-decane. 


Fe 


Mg 


Mn 


As 


Si 


S 


Prior to Processing (ppm) 
After Processing (ppm) 


0.5 

X 


trace 


trace 


trace 

X 


trace 

X 


15 

2 


259" 


x : This means that each impurity was not detected by the device. 



"A glass tube having a size of 20 cm x 1.5 cm0 was filled with 10 g of particulate active carbon of 30 to 
60 mesh (available from 'Nishio Industry Co., Ltd.). Then a ! solution containing the foregoing crude mono- 
1,1-dimethylethylphosphine was passed through the glass tube at a flow rate of 5 Jt/hr at room temperature 
to give 45.0 g (0.50 m'ole) of the intended phosphine of high purity! J 

:: A part of the purified mono-1,i-dimethylethylphosphine was. likewise analyzed by an ICP emission 
spedtrometer 1 and a gas chromatograph to determinerthe amounts of impurities. The results .thus obtained 

' are also listed in table 4 as data obtained "After Processing". 

The foregoing results indicate that active carbon permitted the substantial removal of almost all of the 
sulfer atom-containing hydrocarbons and various metal compounds as trace impurities through adsorption, 
which is beyond expectations ' derived on the basis of the usual concept of adsorption, and that active 
carbon also allowed the removal of the hydrocarbons which cannot be, removed through the precision 
distillation.' 1 f r 11 J 1 >.:•*■. . . 

^ Example 8 * 

-v. -The same procedures used in Example 7 Were repeated' except that synthetic ' zeolite 5A was 
substituted for the active carbon used in Example 7\ The results thus obtained are listed in* the following 
Table 5. • " ' ' 



Table 5 



Impurity 


n-decane 




Mg 


Mn 


. As 


Si 


S 


Prior to Processing (ppm) 


0.7 


trace 


trace 


trace 


trace 


14 


260 


After Processing (ppm) 


0.6 


trace 


trace 


trace 


trace 


13 


255 



The result^ obtained in Examples 7 and 8 clearly indicate that adsorbents such as active alumina and 
synthetic zeolite 5A did not permit the substantial removal, through adsorption, of the sulfur atom-containing 
hydrocarbons, metal compounds and hydrocarbons and that active carbon permitted efficient purification of 
mono-1,1-dimethylethylphosphine to a purity level generally required for the preparation of intermetallic 
compound semiconductors. . . . i. 

Example 9 

To an autoclave, there were added n-decane, isobutylene and highly pure phosphine in the same 
manner used in Example 1, followed by elevation of the temperature to 60 °C at a pressure of 25 kg/cm 2 , 
addition of methanesulfonic acid to the reaction mixture to initiate the reaction of isobutylene with phosphine 
,and ripening. After completion of the reaction, the reaction mixture was cooled/ the excess unreacted 
phosphine was removed through evacuation and the atmosphere of the reaction system was. replaced with 
nitrogen gas. The reaction solution was allowed to stand and the lower phase comprising the methanesul- 
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fonic acid was removed through liquid-liquid separation. r . , 

* To the resulting product, there was added 150 g of a 1N aqueous solution of sodium hydroxide followed 
by stirring over one hour, allowing to stand and separation into organjc, and aqueous phases. The aqueous 
phase was repeatedly washed till the sulfur atom-containing components were not detected any more by 
5 the ICP emission spectrometry. Thereafter the phase was further washed with very pure water in the same 
manner till sodium, was not detected any more. 

The resulting n-decane phase was analyzed by gas chromatography and as a result, it was found that 
56.1 g (rate of conversion on the basis of isobutene: 43.7%) of mono-1,1-dimethylethylphosphine was 
present therein and that di- and tri-1,1-dimethylethylphosphine were not detected at all in the n-decane 
10 phase (selectivity: 100%). 

After allowing to stand to separate into organic and aqueous phases, 0.5 g of calcium hydride was 
added to the .organic phase. The resulting organic solution was stirred at ordinary temperature for one hour 
| arid then -refluxed under heating for .one hour with stirring. Thereafter, it was subjected to simple distillation 
S at ordinary pressure in the presence of an excess calcium hydride and. then to* precision distillation at 
75 I ordinary pressure. Thus, 33.6 g (yield: 26.2%) of mono-1 ,1-dimethylethylphosphine (boiling point: 54 °C ) 
• could be isolated and the product had a purity of 99.9% as determined by gas chromatography technique. 
A glass tube having a size of 20 cm x 1 .5 cm0 was filled with 10 g of particulate active carbon of 30 to 
60 mesh (available from Nishio Industry Co., Ltd.). Then a solution containing the foregoing crude mono- 
1 ,1-dimethylethylphosphine was passed through the glass tube at a flow rate of 5 Jt/hr at room temperature 
20 and thus 30.2 g of purified mono-1 ,1-dimethylethylphosphine was recovered through the lower end of the 
tube. . ..n 

The product thus obtained was confirmed^o be the intended mqno-1 ,1-dimethylethylphosphine by FT- 
IR, ^-NMR and GC-MS measurements.. The ..product was likewise subjected, to metaj - analysis using the 
ICP technique and the amounts, of all the metals examined were found to be less than the detection Jimit of *> 
25 the ICP technique. The moisture content of the product was determined using a Beckman micromoisture *}: 
meter (Model 340) and found to be not more than 5,ppm, The method for preparing a monoalkylphosphine % 
of high purity comprises reacting phosphine/and an alkene in the presence of an anhydrous alkanesulfonic **- 
acid as a~ catalyst in a solvent having a boiling point higher than, that of the monoalkylphosphine produced. - ^ 

The resulting monoalkylphosphine is brought. Into contact with an alkali, solution to remove the catalyst, 
30 wriich is a sulfur atom-containing compound, remaining in the solution. The reaction solution from which the 
remaining catalyst is removed is then brought into contact with alkali metal hydrides or alkaline earth metal 
hydrides to eliminate any moisture remaining in the reaction solution. The alkali metal hydride is preferably 
sodium hydride or lithium aluminum hydride, while the alkaline earth metal hydride is preferably calcium 
hydride. The resulting monoalkylphosphine is. isolated through distillation and the compound in a gaseous ,w 
35 or liquid' state is brought into contact with and, passed through a layer of active carbon to remove other , # 

impurities present therein! . - . v..; 



Claims 



40 1. .A method for preparing a monoalkylphosphine of high purity comprising the step of reacting phosphine 
and an alkene in the presence of a catalyst comprising at least one member selected from the group 
* consisting of anhydrous alkanesulfonic acids represented by the following general formula (I): 

R-so 3 H. (i) J . j .. . j 1 . ' .' ' - 

45 

(wherein R represents an alkyl group having 1 to : 4 carbon atoms) in an organic solvent having a boiling 
point higher than that.of the monoalkylphosphine produced. 

2.. The method for preparing a monoalkylphosphine of high purity as set forth 1 in claim 1 wherein the 
50 reaction solution obtained after the reaction is brought into contact with an alkali solution to remove the 

catalyst remaining in the solution. 

3. The method for preparing a monoalkylphosphine of high purity as set forth in claim 2 wherein the alkali 
solution is an aqueous solution of a compound selected from the group consisting of hydroxides of 
.55 . . Group la metals, hydroxides of Group I la metals, ammonia and amine compounds. 

. 4. The method for preparing a monoalkylphosphine of high purity as set forth in claim 2 wherein the alkali 
solution is an aqueous solution of sodium hydroxide. 
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5. The method for preparing a monoalkylphosphine of high purity as set forth in claim 2 wherein the 
reaction solution from which the remaining catalyst is removed is brought into contact with at least one 
hydride selected from the group consisting of alkali metal hydrides and alkaline earth metal hydrides to 
eliminate any moisture remaining inthe reaction solution. 

6. The method for preparing a monoalkylphosphine of high purity as set forth in claim 5 wherein the alkali 
metal hydride is at least one of sodium hydride and lithium aluminum hydride. 

7. The method for preparing a monoalkylphosphine of high purity 'as set forth in claim 5 wherein the 
io alkaline earth metal hydride is calcium hydride. * ' t 

8. The method for preparing a monoalkylphosphine of high purity as set forth in claim 1 wherein the 
resulting monoalkylphosphine in a gaseous or. liquid state is brought into contact with and passed 
through a layer of active carbon to remove impurities present therein. i 

75 ~ » 

9. The method for preparing a monoalkylphosphine of high purity as set forth in claims wherein the 
impurity is at least one member selected from the group consisting of compounds containing at least 
one of sulfur, silicon and oxygen; compounds containing at least one of metals selected from cadmium, 
magnesium, calcium, iron, manganese and arsenic; and .the hydrocarbon compound used as the 

20 reaction solvent. 

10. The method for preparing a monoalkylphosphine of high purity, as set forth, in claim 1 wherein the 
monoalkylphosphine is mono-1,1-dimethylethylphosphine. 1 • • 

I ' ' - • ■ . *■ \ ■ 

25 1 




35 ! 



40 



45 



50 




10 



¥ 



:7. 11 HI:-- 




European Patent 
Oflke 



EUROPEAN SEARCH REPORT 



Appilcmdoa Number 

EP 93 11 1451 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



Citation of document with indication, where appropriate, 
of relevant passages 



Relevant 
to 



CLASSIFICATION OF THE 
APPLICATION (Int. Q.S ) 



EP-A-0 373 486 (PREUSSAG PURE METALS GMBH) 

* claim 1; example 1 * 

EP-A-0 300 331 (BASF AKTIENGESELLSCHAFT) 

* claim 2 * ' 

US-A-2 584 112 (H.C. BROWN) 

* claims 12,17; table 2 * 

CHEMICAL ABSTRACTS, vol; 117, 
1992, Columbus, Ohio, US; 
abstract no. 171693s, 

* abstract * 

& JP-A-04 149 187 (NIPPON MINING CO., 
LTD.) 

22 May 1992 



The present search report has been drawn up for all claims 



C07F9/50 



TECHNICAL FIELDS 
SEARCHED Ont. Q.S ) 



C07F 



PUct«f 

BERLIN 



Data ml tn^Mtow mt Ih* 

07 OCTOBER 1993 



KAPTEYN H. 



CATEGORY OF CITED DOCUMENTS 

X : psrticaUrly rdovant If taken alona 

Y : paracfllarly nlovaat If combtaad with another 

doormfnt of mo sane category 
A : technological backgrotrnd 

: noo-wrtttan disdosnro 
P : lotcnaadlste 4 



T : tfaoory or priadple untfertytog the toveotioo 
E : earlier patent aoauaent, bat pabttsbed on, or 

after the filing data 
D : docozaant dtW In the gppllnrton 
L : docmaaBt dtad for other reasons 

A : member of the tamo patent foully, uai e ip o ad l n g 




i 



